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ABSTRACT
The management of scrap tires has become a growing problem in recent years.
Scrap tires represent one of the several special wastes that are difficult to handle. Thus,
there is a need to solve the rubber disposal problem. Recently, scrap rubber has been used
in asphalt highway construction, but there are still some limitations in the rubber
application. Scrap tires are believed to be able to produce better performance asphalt
pavement, which can provide quieter riding environment, and less defective pavement.
The purpose of the research is to determine the performance of the asphalt pavement with
the existence of scrap tires, compare with the conventional asphalt pavement. The
research will be conducted by adding the scrap tires to substitute small part of fine
aggregate in the asphalt mixtures. The scrap tires will be cut into small pieces and mix
together with the conventional mixtures of coarse and fine aggregates as well as filler.
The rubber modified asphalt are designed using Marshall Mix Design and tested using
Wheel Tracking Test and Beam Fatigue test to evaluate pavement performance on fatigue
and permanent deformation. The main purpose to conduct the research is to enhance the
conventional pavement performance. It is successfully determine the performance of
Rubber Modified Asphalt mixture is better than the conventional mixture. Perhaps the
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CHAPTER 1
ORGANIZATION OF THE THESIS
The report will include the purpose of the research on the Rubber Modified
Asphalt (RMA) Pavement and the current findings of the research through series of
laboratory experiments done. Beside that, the report will also compare the performance of
conventional mixtures with the Rubber Modified Asphalt (RMA).
Chapter 1 consists of the overview of the research, which describe the
introduction, problem statement and objectives. It indicates the beginning of the research
and problems driving to the existence of Rubber Modified Asphalt (RMA) Pavement, and
the purpose of the research.
Chapter 2 explaining the properties of the Rubber Modified Asphalt Pavement,
properties of rubber (scrap tires), and advantages and disadvantages of the Rubber
Modified Asphalt compare to the Conventional Asphalt Pavement as what have been
found out from earlier researches.
Chapter 3 illustrates the methodology of the research, as well as the method use
to conduct the research and procedures of laboratory testing required in this research.
The results and discussion of the laboratory experiment conducted during the
research are included in Chapter 4. The chapter also elaborates the analysis of the
results.
Chapter 5 concludes the finding of the research for the whole year and also the
recommendations of the author.
1.1 Introduction
The research is conducted due to the arising problems of flexible pavement in
Malaysia. Most of the problems are regarding the deformation of pavement, shorter
pavement's life, cracking, fatigue, and high maintenance cost. Therefore, the research is
performed to find out the alternative in improving the performance of the conventional
asphalt pavement by using the scrap tires.
Scrap tires can be incorporated into asphalt paving mixes using Dry Process of
mixtures, which the crumb rubber is used as a portion of fine aggregate. The process is
introduced in the United States to modify the properties of the conventional asphalt
mixtures. The process can be used for hot mix asphalt paving in dense graded, open
graded, or gap graded mixtures. In the Dry Process, the crumb rubber is used as a
substitute for a small portion of fine aggregate, which is usually 1 to 3 percent by weight
of the total aggregate in the mix. The rubber particles are blended with the aggregate
prior to the addition of the asphalt cement. The resultant product is sometimes referred as
Rubber Modified asphalt Concrete (RUMAC). The size of rubber particles is graded and
the gradation commonly used in rubberized asphalt pavement is between 2.0 mm to 5.0
mm.
For the present research, the process used is similar to the Dry Process. The
rubber particles will substitute a small portion of fine aggregates, which will be ranging
from 1 to 3 percent of total weight of fine aggregate. Eventually, the rubber will be mix
with coarse aggregates, fine aggregates, filler and binder to form asphalt mix. The
differences between process adopted in current research and Dry Process are; the rubber
particles do not have to be separated from the fiber inside the tires, the size of rubber
particles used is in single uniform size which is 2.0 mm, dense graded is used, the used
binder content is lower than mixtures of Dry Process which is 4.5 to 6.5 percent ofbinder
content, and motorcycle's tires are used to produce rubber particles need in experiments..
The improvements of RMA in construction industries in U.S have proved to be
significant and beneficial to the industries. But it was not yet widely used in Malaysia due
to high production cost. Reason for further researching on Rubber Modified Asphalt in
this Final Year Project is to simplify the production process and reduce production cost,
which will introduce a new "simple process" which is similar to "dry process". The
production cost of RMA can be simplified by cutting scrap tires into a single size rubber
cubes instead of rubber particles in various sizes. This is believed to be able to reduce the
cost of production and save great efforts in producing rubber particles with various sizes.
Beside, this research is expected to further improve other performance of flexible
pavements.
1.2 Problem Statement
In Malaysia, two types of pavements were commonly used in road construction,
namely, flexible pavement and concrete pavement. However, majority of the roads are
constructed using the flexible pavements. Generally, most of the flexible pavements
deteriorate faster than rigid pavement, which in turn required more maintenance to the
flexible pavement roads. The deterioration of flexible pavement arises from deformation
under traffic loading, generally associated, in the later stages, with cracking. This
stimulated more research in improving the quality and durability of the pavement.
The used of scrap tires as a substitute of the fine aggregate in the RMA mixtures
should result in higher resistant to permanent deformation compared with that of
conventional mixtures. However, Jon A. Epps (1994) found that fatigue life is generally
improved when crumb rubber is added by Dry Process. Addition of crumb rubber also
believed to be able to enhance pavement performance in terms of reflective cracking.
Thus, it is expected that dry process will improve the performance of the pavement in
terms of deformation and cracking.
Besides that, Tom Kuennen (2004) reported that the problem regarding the noisy
environment resulting from the impact of the tire with the pavement is believed to be
alleviated by substituting the crumb rubber into the conventional mixture.
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1.3 Objective and Scope of Study
The research studied the effectiveness of the scrap tires in improving the
performance of the Conventional Asphalt Pavement in various aspects such as
deformation, fatigue life and noise reduction.
The main objectives of the research are;
1. To produce successfully the Rubber Modified Asphalt (RMA) that uses of scrap
tires cubes as a substitute of fine aggregates in Asphalt Pavement.
2. To identify possible properties improvements by Rubber Modified Asphalt.






All pavements ultimately fail but application of the appropriate treatment at the
correct time or introduction of additives materials can significantly prolong their life. One
definition of engineering failure is that a characteristic falls below some threshold of
acceptability.
An example would be a wearing course, which is regarded as having failed when
its skid resistance falls below the critical value for that part of the network. It may well be
the case that other characteristics such as structural strength or the degree of cracking or
rutting have not reached critical levels. The wearing course will last at most 20 years
before rutting excessively but will probably need a surface treatment such as surface
dressing to restore skid resistance, and seal cracks during those 20 years.
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2.2 Fatigue and Rutting Characteristics
Fatigue of bituminous mixtures under repeated flexure is an important factor of
pavement design. It is the most common pavement failure for flexible pavement or
asphalt pavement. There are many types ofcracking, such as alligator cracking, and block
cracking.
Alligator or fatigue cracking does not normally occur until after numerous
loadings and then increases rapidly as the pavement weakens. In climates with either
large variations in temperature or very cold temperatures, asphalt pavements develop
transverse and longitudinal cracks from temperature stresses. These cracks usually break
down and spall under traffic. It is a series of interconnecting cracks caused bythe fatigue
failure of an asphalt surface or a stabilized base under repeated traffic loading. The
cracking initiates at the bottom of the asphalt surface orstabilized base, where the tensile
stress or strain is highest under a wheel load. The cracks propagate to the surface initially
as one or more longitudinal parallel cracks. After repeated traffic loading, the cracks
connect and form many-sided, sharp-angled pieces that develop a pattern resembling
chicken wire or skin of an alligator as shown in figure below.
Figure 2-1: The FatigueCrackingOccur on the Pavement
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The pieces are usually less than 1 ft on the longest side. Alligator cracking occurs only in
areas that are subjected to repeat traffic loadings. It would not occur over an entire area
unless the entire area was subjected to traffic loading. Alligator cracking does not occur
in asphalt overlays over concrete slabs. Pattern-type cracking, which occurs over an
entire area that is not subjected to loading, is classified as block cracking, which is a load-
associated distress. The cracking is measured in square feet or square meters of surface
area.
Block cracks divide the asphalt surface into approximately rectangular pieces.
The blocks range in size from 1 to 100 ft2. Cracking into larger blocks is generally
categorized as longitudinal or transverse cracking. Block cracking is caused mainly by
the shrinkage of hot mix asphalt and daily temperature cycling, which result in cyclic
stress and strain. It is not load associated, although loads can increase the severity of the
cracks. The occurrence of block cracking usually indicates that the asphalt has hardened
significantly. Block cracking normally occurs over a large portion of pavement area, but
sometimes will occur only in non-traffic areas. The cracking is measured in square feet or
square meters of surface area.
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Rutting in another way is a surface depression in the wheel paths; see Figure 2-2.
Pavement uplift might occur along the sides of the rut. However, in many instances, ruts
are noticeable only after a rainfall, when the wheel paths are filled with water. Rutting
stems from a permanent deformation in any of the pavement layers or in the subgrade,
one usually caused by a consolidation or lateral movement of the materials due to traffic
loads. Rutting can be caused by plastic movement of the asphalt mix either in hot weather
or from inadequate compaction during construction. Significant rutting can lead to major
structural failures and a potential for hydroplaning. Rutting is measured in square feet or
square meters of surface area, for a given severity level based on rut depth.
Figure 2- 2: The Rutting Occur on the Pavement
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2.3 Application of Scrap Rubber in Asphalt Pavement
Several researches have been done by mixing additives to improve the
performance of asphalt mixture in flexible pavement construction. One of the methods
that believed to be able to produce better performance of the asphalt mixtures is by using
scrap tires as substitute of fine aggregates. There are two generally accepted processes for
incorporating scrap tires in asphalt mixtures; (1) Rubber Modified Asphalt Mixtures, and
(2) Rubber Asphalt Mixture. Both processes are recognized as dry process and wet
process, respectively.
This chapter will introduce the processes used to produce Rubber Modified
Asphalt (RMA) mixtures; namely Dry Process and Wet Process. Both processes will be
discussed in detail in the next section in this chapter.
The Dry Process, which is most frequently used method in the United States was
originally developed in the late 1960's in Sweden and is marketed in this country under
the trade name PlusRide by EnviroTire. The PlusRide technology is a patented process.
In this process, 1 to 3 percent granulated crumb rubbers by weight of the total mix is
added to the paving mix. The granulated rubber consists of rubber particles ranging in
size from 4.2 mm (1/4 in.) to 2.0 mm (No. 10 sieve). The target air voids content of the
RMA mix is 2 to 4 percent, which is usually attained at asphalt binder content of 7.5 to 9
percent as clarify by Michael Heitzman (1991). A generic Dry Process technology was
developed in the late 1980's to early 1990's to produce dense graded hot mixtures. This
concept uses both coarse and fine crumb rubbers to match aggregate grading and to
achieve improved binder modification. The crumb rubber may need pre-reaction or
pretreatment with a catalyst to achieve optimum particle swelling. In this system, rubber
content does not exceed 2 percent by weight of total mixture for surface courses.
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There are several advantage and disadvantages of using both Dry Process and Wet
Process. As for Dry Process, it is a simple process as it substitute small portion of fine
aggregate, rather than Wet Process as the scrap rubber needs to be dispersed in liquid
asphalt at high temperature for several hour for the rubber to be melt before mixing with
the asphalt. Dry Process requires lower cost of cutting the rubber and consisted of many
rubber sizes compare to Wet Process. Wet Process needed higher cost in preparing the
equipment for melting and standard small size of rubber particles to facilitate digestion.
Furthermore, the Wet Process of rubber modified asphalt require higher binder content
than conventional mixes as the rubber asphalt is significantly more viscous than
conventional asphalt binder and the un-reacted rubber particles will act as a solid filler,
thus increasing the binder volume. Also, resultant product from the Wet Process of
rubber asphalt is determined to have a long-term deformation resistance as compare to
the Dry Process.
2.4 Application of Scrap Rubber in Asphalt Pavement in Malaysia
In Malaysia, the application of scrap tires (rubber) in asphalt pavement is not
widely used, but there is research about the rubberized pavement. One of the road
constructed using the rubberized pavement is the Rl road (protocol road) in Putrajaya.
The product is called Bituminas PREMIUM-R which is produced by incorporating
crumb rubber mixture into plain bitumen in specific proportions. It is 100 percent locally-
made product and has been proven to be the choice in road construction. The
characterization of crumb rubber mixture is carried out to ensure consistency in the
quality of Bituminas PREMIUM-R produced. The addition of rubber into bitumen
enhances the strength and visco-elasticity characteristic of bitumen which is reflected in
the improved performance and durability of pavement. Some of improvement in
properties of pavement constructed using Bituminas PREMIUM-R include higher
resistance to rutting and cracking, higher modulus and higher skid resistance. Bituminas
PREMIUM-R is suitable for use inbothdense and porous mix and road trials at Putrajaya
and Nilai respectively have proven the superiority of Bituminas PREMIUM-R.
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2.5 Types of Asphalt Mixtures with Rubber Substitution
As mentioned in previous section, there are two types' resultant products with Rubber
Substitution. They are (1) Rubber Modified Asphalt Mixtures (Dry Process), and (2)
Rubber Asphalt Mixture (Wet Process).
2.5.1 Rubber Modified Asphalt Mixtures (Dry Process)
Rubber Modified Mixtures is in which 1 to 3 percent is added to the mix by
weight of aggregate (substitute for a small portion of the fine aggregate) before asphalt is
introduced. Mix design for Rubber Modified Asphalt Mixture is normally made using the
Marshall Method. Rubber Modified Asphalt Mixtures relatively having lower Marshall
Stability values as well as higher Marshall Flow values as compared to conventional
mixes. Consequently, stability and flow values only guidance as to the relative position of
the mix on the design curve but can not be used for selecting or specifying asphalt
content for mix design. Previous studies indicate that resistance to permanent
deformation of such mixes is reduced compared with that of conventional paving mixes.
However, fatigue life is generally improved when crumb rubber is added during the Dry
Process [2].
Generally, all rubber mixtures have flatter slopes than the control mix, which
indicate that rubber mixtures are more elastic than the control mixtures and at short load
durations Rubber Modified Asphalt Mixtures should outperform conventional mixes.
2.5.2 Rubber Asphalt Mixture (Wet Process)
Rubber Asphalt Mixture is a mixture in which 18 to 26 percent tire rubber is
dispersed in liquid asphalt at high temperatures for several hours is used as binder in
asphalt mixtures. Due to the required reaction of the asphalt and rubber process, the
rubber particle size must be considerably small to facilitate digestion.
Like Rubber Modified Asphalt Mixtures, Rubber Asphalt Mixtures require higher
binder contents than conventional mixes. There are several reasons for this increase,
which are: (1) The rubber asphalt significantly more viscous than the conventional
asphalt binder, thus requiring thicker film coatings, and (2) The un-reacted rubber
particles act as solid filler, increasing the binder volume but not necessarily adhesive
characteristic.
The longer pavement life claimed for Rubber Asphalt Mixture is attributed to
higher viscosity and impermeability of Rubber Asphalt Mixture. These properties have
decreased thermal cracking, potholing, deformation, and reflective cracking in most
states in which tests were performed. Studies by the Alaska Department of Transportation
showed decreased stopping distances as a result of Rubber Asphalt Mixture being more
flexible and preventing ice formation [5].
There is certain disadvantages of using the wet process, which are; (1) High cost
of preparing the equipment to melt the rubber with the asphalt, (2) Require small standard
size of rubber particles to facilitate digestion, and (3) Require high binder content as the
rubber asphalt is significantly more viscous than conventional asphalt binder and the un-
reacted rubber particles will act as a solid filler, thus increasing the binder volume.
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2.6 Properties of Scrap Tires
The use of the scrap tires as a substitute of aggregate in Asphalt Pavement is due
to the properties of the rubber itself. The very characteristics that make them desirable are
long life and durability, and tires are thermal set polymers means that they cannot be
melted and separated into their chemical components.
Other properties that make the scrap tire or rubber particles more desirable as an
alternative in improving theperformance of the Conventional Asphalt Pavement are;
1. Rubber is water resistant, so that it will not cause water ponding,
2. Rubber can stand extreme temperature (hot weather),
3. Rubber resistant to scuff, scratch and indentation,
4. Perform skid and stain resistant,
5. Rubber also immune to biological degradation,
6. Easyto be cut, shaped and customized as needed, and
7. Rubber (scrap tires) is a renewable source.
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2.7 Comparison between Binder Properties and Rubber Properties
Bitumen used for road construction are viscous-liquid; semi solid materials,
consisting essentially of hydrocarbons and their additives, which are soluble in
trichloroethylene. Below are the other properties ofbitumen.
1. Penetrating-grade bitumen,
2. Black or brown in color,
3. Waterproofing and adhesive properties,
4. Soften gradually when heated,
5. Less susceptible to temperature change,
6. At low temperature behaves almost elastic (brittle) solid,
7. At high temperature and long loading times, behave as viscous fluid, and
8. At intermediate temperature, behave as viscous-elastic range.
From both properties of rubber and bitumen, there is significant difference, which
are;
1. Rubber is more viscous than bitumen when it is melted,
2. Rubber has high elasticity than bitumen,
3. Rubber can with stand high temperature, and
4. At low temperature, rubber will not brittle.
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2.8 Advantages and Disadvantages of Rubberized Asphalt Pavement
Due to what have been explained before, the crumb rubber modifier was reported
to have some advantages and disadvantages compare to the Conventional Asphalt
Pavement. Table 2.1 and Table 2.2 summarize and specifying the advantages and
disadvantages of the Rubberized Asphalt Pavement [6].
Items Advantages
Cost • Reduced life cycle, maintenance, contracting, inspection,
sound barrier cost.
Construction • Reduces construction noise and public and traffic
inconveniences.
Mixture • Increases the temperature viscosity and provides more
ductility to the mix at low temperatures.
Road Performance • Provides cracking resistance and long-lasting color marking,
increases surface toughness and flexibility characteristics.
Vehicles • Provides greater skid resistance, better road holding, and
less spalling of the surface, reducing vehicles damage.
Scrap Tires • Preserves landfill space and provides a tire disposal
solution.
Noise • Reduces traffic noise.
Drainage • Improves drainage and reduced motorway spray.
Table 2- 1: Advantages ofRubberized Asphalt Pavement
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Items Disadvantages
Construction • For wet process, rubberized asphalt pavement must to be
used within hours ofproduction, then the mobile units
required.
Cost • Increased initial cost per mile. These costs include increase
asphalt content, energy consumption, and rubberized
material.
• Increased the investment costs due to modification
requirements that have to be made to the plant, paving,
design, and mixing equipment.
• For wet process, increased the cost of mobile equipment and
setup.
Environment • Concerns about air emission, worker safety, and recycle
ability.
Mixture • Increases mixing temperature.
• Requires unique aggregate gradation, asphalt, and filler
content design, and a greater overall filler and asphalt
cement volume.
• For wet process, deteriorate at elevated temperatures.





This section briefly describes the flow of the research to be done. The main point
of the research to be smoothly and successfully conducted is the preparation of the
specimens, which are the rubber particles. The flow can be summarizing as show by
Figure 3.1 below. The figure shows the Flow Chart of the steps or procedure for the
research.
Identify the problems of Conventional Asphalt Mixtures
Prepare information on process and methods needed for the
research
Prepare the rubber particles from the scrap tires for laboratory
experiments
Conducting laboratory experiments to determine the performance
of the rubber particles to the conventional mixtures
Analyze results of the experiments and compare to the results for
the conventional mixtures
Discussion and conclusion of the findings
Figure 3-1: Flow Chart of Research
24
3.1.11dentify the Problems of Conventional Asphalt Mixtures
For the research to achieve its objectives, firstly, the problems of the existing
Conventional Asphalt Pavement have to be identified to find out the improvement
needed. The Conventional Asphalt Pavement subjected to shorter pavement life due to
deformation, thermal cracking, and reflective cracking. Also there is a need in improving
the skid resistant, as well as noise reduction abilities.
Thus, the research aims to improve the weaknesses of the Conventional Asphalt
Pavement by adding the crumb rubber that replace a small portion of the fine aggregates,
which result in production of Rubber Modified Asphalt mixture. The research is to
determine the effectiveness of the Rubber Modified Asphalt mixture in improving the
weaknesses of the Conventional Asphalt Pavement.
3.1.2 Preparing Information on Process and Methods for Research
In order to start the project, information is needed such as process and materials to
be used for the research, laboratory experiment, and many more. It is to assure that the
research is following the right method in order to have successful result.
Scrap tires from motorcycle has been identified as materials for the research, as
well as coarse aggregate, fine aggregate, cement as filler, and bitumen as binder. The
motorcycle tires is choose due to easy to cut into pieces as it is not Very thick compare to
tires from motorcars. The research will be using the Dry Process for preparation of
Rubber Modified Asphalt mixture. Various laboratory experiments have been identified
to be conducted for RMA mixture during the research.
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3.1.3 Prepare Rubber Particles from Scrap Tires for Laboratory Experiment
The additive material used for the research is the scrap tires from motorcycle
which will be cut into small pieces to replace small part of fine aggregates. The size of
rubber particles cubes to be used is 2.0 mm x 2.0 mm x 2.0 mm, and the percentage to be
added is varies from 1 to 3 percent of total weight of fine aggregate. The specimens will
not be melted but to be added in the mixtures during mixing.
Reason to used scrap motorcycle tires as the tire is easy to cut into small pieces
for laboratory experiment. The size of the rubber particles shall be 2.0 mm as refer to the
previous research which the rubber particles size is ranging from 4.2 mm to 2.0 mm [4].
- . I.VJVSBL. "•
Figure 3- 2: Rubber Particles (2mmx2mmx2mm)
26
3.1.4 Conducting Laboratory Experiments
Several laboratories analysis and testing are identified to be conducted during the
research period. They are;
1. Sieve Analysis, to find the proportions of the mixtures,
2. Marshall Stability Test, to determine optimum binder content and stability of the
specimens,
3. Wheel Tracking Test, to determine the rutting performance of the mixtures,
4. Beam Fatigue Test, to determine the fatigue life and level of cracking of the
mixtures, and
5. Noise Testing, to determine the level of noise reduction compare to the
conventional asphalt mixtures.
Half of the laboratory experiment is estimated to be completed in the first half of
the year and the other half of the experiments during the second half of the year. As for
noise measurement test, suitable methods are still on research as there is no specific test
and equipment to conduct the test.
3.1.5 Analysis Results of the Experiments
Once the result of the laboratory experiments is obtained, analysis will be
conducted to find out the differences in the performance between Rubber Modified
Asphalt mixtures and Conventional Asphalt mixtures. Beside that, the laboratory
experiment for conventional mixtures will also be conducted and analyze as a control
mixtures for comparison.
It has been identified from the previous study that the air voids content would be
different compare to conventional mixtures, and the binder content also expected to be
higher than those of conventional asphalt mixtures. The differences will be verified from
Marshall Stability Test. Other results from the laboratory experiments also will be
analyzed to evaluate the RMA performance.
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3.1.6 Discussion and Conclusion of the Findings
Finally, the discussion and conclusion of the results that has been analyzed will be
made to determine whether the objectives of the research have been fulfilled or not. The
conclusion will include the comparison between the Rubber Modified Asphalt mixtures
and the Conventional Asphalt mixtures, in various aspects, such as deformation, cost,
fatigue life, and stability.
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3.2 Testing and Analysis
For the research, several laboratory testing and analysis will be conducted as to
identify the performance of the Rubber Modified Asphalt mixtures, compare to
Conventional Asphalt mixtures.
The tests identified for the research are;
1. Sieve Analysis,
2. Marshall Stability Test,
3. Wheel Tracking Test,




The test is conducted to determine the proportions of the mixtures (coarse and
fine aggregates, and filler) for preparation of Marshall Mix samples for Marshall Stability
Test. Below are the procedures of the testing.
Procedures:
Coarse Aggregate and Fine Aggregate
1. 3 kg of coarse aggregate and 0.75 kg of fine aggregate (sand) is weighted to the
nearest gram.
2. The BS Sieve used for sieving of coarse aggregate and fine aggregate is weighted.
For coarse aggregate, the BS Sieve size uses are 28 mm, 20 mm, 14 mm, 10 mm,
and 5 mm. For fine aggregate, BS Sieve size 5 mm, 3.35 mm, 1.18 mm, 425 um,
150 urn and 75 um.
3. Then, the stack of sieves is placed in the mechanical sieve shaker in decreasing
size of BS Sieve. The sample is poured inside the sieves and closed with the lid.
The sieve is then shaken for 20 minutes for both coarse and fine aggregates.
4. After that, the stack of sieves is removed from the shaker and the material
remaining on each sieve together with the sieve is weighted.
5. The materials remaining on each sieve is determined by finding the difference
between the weight obtained in Step 4 and Step 2. From the weight retained in
each sieve, percentage of materials passing each sieve is determined.
6. Finally, semi logarithmic (S-curve) plot of percentage passing versus grain size
(sieve size) is plotted.
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Filler
1. 100 g of filler sample (cement) is weighted to the nearest gram.
2. Each BS Sieve used is weighted. The BS Sieve sizes used are 425 um, 150 um
and 75 um.
3. The sample is poured inside the sieves and the stack of sieves is placed in the
mechanical sieve shaker to be shaken for 15 minutes.
4. After that, the stack of sieves is removed and each sieve with the remaining of the
sample is weighted.
5. The weight retained in each sieve is determined by finding the weight differences
obtained in Step 4 and Step 2. Then, the percentage of materials passing each
sieve is calculated.
6. Finally, S-curve ofpercentage passing versus grain size (sieve size) is plotted.
Design Proportions
1. After the sieve analysis is conducted, the percentage of coarse aggregate, fine
aggregate, and filler is estimated based on the range of percentage specified;
Coarse Aggregates (48% - 65% specified), Fine Aggregates (35% - 50%
specified), and Filler (5% - 8% specified) [7]. The estimated values should be
within the range given for the materials.
2. Then, the estimated percentage of each materials is multiplied with the percentage
retained of each materials determined earlier from the sieve analysis test.
3. After that, the total aggregate is determined by adding the percentage determined
in Step 2, for each sieve size ranging from 28 mm (coarse) until 75 am (fine and
filler).
4. From the total aggregate determined, the total percentage passing used is
calculated, and S-curve of total percentage passing versus the sieve size is plotted.
5. In the same graph the JKR Standard for allowed design curve is also plotted. It is
to determine whether the proportions estimated for each material is within the
JKR Standard or not. If not Step 1 until Step 5 is repeated.
6. Once the design curve is obtained within the JKR Standard the proportion
estimated will be use for the Marshall Stability Test.
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3.2.2 Marshall Stability Test
Marshall Stability Test is conducted once the design proportions for the mixtures
are determined from the Sieve Analysis. The procedures of the test are the same for
Conventional Asphalt mixtures, except for additional of crumb rubber which will replace
a small amount of fine aggregates.
For the research, the crumb rubber used is from 1 to 3 percent of weight of fine




1. Based on the proportions determined earlier, sample of coarse and fine aggregates
and filler is prepared, and heat in the oven at 150° for 24 hours. The binder
(bitumen) and the 100 mm mould are also kept in an oven at 150°. The total of
mixture should be 1200 g after added with crumb rubber.
2. Then, the materials is placed in the mixer and mixed dry for 1 minute. After that,
appropriate amount of crumb rubber (1% - 3%) and bitumen is added (4.5% -
6.5%) to the aggregate. The mixing is continued until all particles are coated with
bitumen and the crumb rubber is melted.
3. After that, the mixtures is poured into the steel mould, and compacted with steel
rod to assure the mixtures are evenly distributed in the mould.
4. The mould is then placed inside the Gyratory Machine to be compacted and
gyratory for 150 revolutions.
5. Then, the mould is removed from the machine and placed at the extrudemachine
to be extruded from the mould. The height of the specimen is recorded.
6. Three specimens are prepared for each percentage ofbinder content.
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TestingAsphalt Specimens
1. The specimens are placed inside the water bath and heat to a temperature of 60°C
for 30 minutes.
2. The specimen is then placed in the Marshall Testing rig. The breaking head of
Marshall Testing rig is also conditioned to 60°C.
3. Then the specimen is load radially at a constant rate of strain of 50.8 mm/min.
4. The stability of each specimen as the maximum load that the specimen could
withstand is determined.
5. The stability value obtained is corrected using the appropriate coefficient factor
(Refer Appendix 1) [8].
6. From the data, the relationships of density versus binder content, stability versus
binder content, porosity versus binder content, and flow versus binder content, is
plotted.
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3.2.3 Wheel Tracking Test
The purpose of Wheel Tracking Test is to determine the rutting performance of
the Rubber Modified Asphalt mixtures and Conventional Asphalt mixtures. Both then
will be compared to find the improvement of the rutting performance. The test can also
determine the deformation level ofboth mixtures.
Procedures:
Test Specimen Preparation and Testing ofSpecimen
1. The materials mixing procedure is similar to the Marshall Stability Test but the
total mass here is 10 kg instead of 1.2 kg for Marshall Stability Test. The
optimum binder content determined earlier in Marshall Stability Test will be used
for preparation of conventional asphalt mixtures and Rubber Modified Asphalt
(RMA) mixtures slab sample.
2. Either square brown paper or grease can be applied onto the internal base of the
square mould for the ease of dismantling of the mould later.
3. The mixed materials is evenly spread into the mould and tamped to ensure an
even distribution before compacting with the hand compactor.
4. The mixed materials (10 kg) needed to be compacted layer by layer, which overall
should be three layers.
5. The mixed materials needed to be spread until it is about 5 mm above the top of
the mould if 30 kg roller with 310 mm face width is used for compaction.
Compaction will be carried out until the flat face level with the top of the mould.
6. Sample is left to cool in room temperature before removed from the mould.
7. The sample needed to be cured in an oven of 45°C before ready to be tested in the
Wheel Tracker Machine which is also have been set to the same temperature.
8. The test will be run for 2000 cycles with two passes, forth and back in 45 minutes
and the total rut depth is observed from the computer connected to the Wheel
Tracking Machine.
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3.2.4 Beam Fatigue Test
The aim of the test is to determine the fatigue life and level of cracking of the
Rubber Modified Asphalt mixtures and Conventional Asphalt mixtures. The level of
cracking for the Rubber Modified Asphalt mixture should be less than the Conventional
Asphalt mixtures as what stated in the previous study.
Procedures:
Specimen Preparation and Testing
1. The required beam sample size to be prepared is 63.5 mm x 50 mm x 400 mm
with density of 2.23. The mass of mix materials to be prepared is 2.4 kg.
2. The mix materials were then compacted in the mould by using the special
mould's lid designed for compaction purposes.
3. Beams were then cured in the room temperature before tested with the beam
fatigue test equipment.
4. The test will be conducted in control sinusoidal strain mode of loading.
5. The sample is heated to 25°C before tested.
6. The test will be tested in the middle strain level which is about 100 to 200 micro
strain. Beam fatigue also can be tested using high strain level (600 to 800 micro
strains) and low strain level (200 to 300 micro strains).
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3.2.5 Noise Measurement
Noise Measurement test is the test for noise level produce by the vehicle's tires
when passing by the pavement. It is believed that the Rubber Modified Asphalt (RMA)
Pavement should be able to produce quieter pavement compare to the Conventional
Asphalt Pavement.
For noise measurement test, specific method to used is still to be identify as the
suggested methods are not fully accurate and suitable for laboratory testing, which are;
(1) By measuring the noise level during the Wheel Tracking Test, but it is afraid it will
not be accurate as disturbance from the sound of the machine itself, and (2) By laying the
Rubber Modified Asphalt (RMA) mixture in certain area and measure the noise level as
car passing on the road. It is assume to be the better way to measure the noise, but it
require hard work as the pavement have to be lay and compacted at site, which also
require large amount of the RMA mixtures, and it will cost a lot.
The research will not performing the Noise Measurement Test as the method to
measure the noise is still not yet identified and also time consuming. So, perhaps that it





The Rubber Modified Asphalt mixture was successfully produced using the new
"Simple Process", which is the substitution of small portion of fine aggregates. Several
laboratory experiments have been conducted to identify and verify the performance of the
Rubber Modified Asphalt mixture.
The laboratory experiments, which are Sieve Analysis Test, Marshall Stability
Test, Wheel Tracking Test, and Beam Fatigue Test, are completely conducted. It is
grateful that the experiments completed before the end of the semester and the results
required have been obtained. The results that have been obtained from all the laboratory
experiments are show and discuss in this chapter.
All the results have been obtained successfully from the laboratory experiments
conducted throughout the research period.
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4.2 Sieve Analysis
Figure 4-4 shows the final result of the Sieve Analysis which is the proportions
determined for the mixtures. From the results of the sieving analysis, the mix proportions
are conformed to the range specified by the JKR, which shown in Table 4-4. The design
proportions calculated, the proportions for coarse aggregate, fine aggregate and filler
are, 49 percent, 43 percent and 8 percent of total mixtures weight of 1200 g
respectively. The proportions of the mixtures are use for Conventional Asphalt Mixtures.
For the Rubber Modified Asphalt Mixtures, one to three percent of rubber
particles will replace a portion of fine aggregate. Example, for one percent rubber
specimens, the mixture will consist of 49 percent coarse aggregate, 42 percent fine


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.3 Marshall Stability Test
The research is now complete for the 1 to 3 percent of Rubber Modified Asphalt
(RMA) mixtures. The specimens of the rubber mixtures are already being tested to find
the porosity, stability and flow of each percentage of RMA mixture. Following are the
results of the testing.
Table 4-6, 4-7, and 4-8 show the values obtained for 1, 2 and 3 percent rubber
content RMA varies from 4.5 to 6.5 percent binder content. The graphs of flow, stability,
porosity and specific gravity versus the binder content for 1, 2, and 3 percent of rubber
content RMA, were shown in Figure 4-5 to Figure 4-16.
Table 4-9 shows the results of the Marshall Stability Test for the Conventional
Mixtures using the Gyratory Machine, and also the graphs of flow, stability, porosity, and
specific gravity versus the binder content, which is illustrated in Figure 4-17 to Figure 4-
20. The comparison of results between Conventional Mixtures and RMA is shown in
Table 4-10. The results obtained for flow, stability, porosity, and specific gravity for all
the RMA and conventional mixtures were shown in Figure 4-21 to Figure 4-24.
The overall results for RMA and conventional mixtures shows the increasing
value of air void, and flow, if using the RMA mixture, whereas the value of stability will
be decrease, compare to the results obtained for conventional mixture.
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4.3.1 Determination of Optimum Binder Content
Since the Marshall Stability Test is already completed for the Conventional
Mixtures and Rubber Modified Asphalt Mixtures, the optimum binder content for all
mixtures is determined.
For the 1 percent rubber content RMA, the optimum binder content obtained from
the graphs of stability, and specific gravity are; 5.05% and 5.80%. So the average
optimum binder content is 5.43%. Refer to the graph of porosity, and flow, the optimum
binder content of 5.43% give the porosity value of 12.0% and flow value of 3.90 mm.
Based on the JKR Standard, the range of porosity for Conventional Mixture should be
within 3 to 5 percent. Since the mixtures used additional materials of crumb rubber, it is
accepted that the porosity will be slightly higher than the range for conventional mixture.
Also the value of flow should be higher than 3 mm.
For the 2 percent rubber content RMA, the graphs of stability and specific gravity
give the values of optimum binder content of; 5.50% and 5.50% respectively. So, the
average optimum binder content is 5.50% which gives the values of porosity and flow of
14.0% and 4.38 mm respectively. The values are accepted since it is higher than the
range specified for the conventional mixture.
For the 3 percent rubber content RMA, the values of optimum binder content
determine from the graphs of stability and specific gravity are; 5.48% and 5.98%
respectively. The average optimum binder content obtained is 5.73%. The corresponding
values of porosity and flow obtained are 14.51% and 4.65 mm respectively. The values
are also accepted for RMA mixtures.
45
The values of optimum binder content obtained for the Conventional Mixtures are
5.20% from the graph of stability, and 5.50% from the graph of specific gravity. The
averageoptimum binder content is 5.35%. Refer to the graph of porosityand flow versus
the binder content, the values of porosity and flow are; 11.85% and 3.38 mm
respectively. The porosity value should be between the ranges of 3 to 5 percent as
specified by the JKR, but unfortunately, the result is out of the desired range. This could
be due to the error from the Gyratory Machine. Similar test was performed several times
and the same results were obtained. However, the values of porosity are expected to give
insignificant effect to the pavement performance during Wheel Tracking and Beam
Fatigue Test, since manual compaction is adopted in both tests. The value of flow
obtained is accepted since it is still within the range stated by the JKR.
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4.3.2 Analysis
From the results of optimumbinder contentobtained for all RMA mixtures (1 to 3
percent), and conventional mixture, it was found out that the optimum binder content
require for RMA mixtures is higher as compared to the conventional mixtures. The
optimum binder content for the RMA mixtures (1 to 3 percent) are 5.43%, 5.50%, and
5.73%, while the optimum binder content for the conventional mixture is 5.35%. This
again agreed with the findings of other researchers that RMA mixture required higher
binder content.
The percentage of porosity obtained based on the optimum binder content also
higher for rubber mixtures which is ranging from 12.0% to 14.51%, compared only
11.85% for the conventional mixtures. Previous research reported that air voids can be
reduced if higher binder content is used. However, it is acceptable as the porosity should
be higher if the binder content used is relatively lower.
The flow obtained for the rubber mixtures are 3.90 mm, 4.38 mm, and 4.65 mm
respectively for 1 to 3 percent rubber content of RMA mixtures. The values are higher
than the conventional mixtures which is only 3.38 mm. Again it is expected that the flow
obtainedmight relativelyhigher as compared to conventional mixtures.
From the results of stability and flow obtained from the Marshall Stability Test
for RMA and conventional mixture, the T-Test Two-Sample Assuming Equal
Variances has been done to find out the T-Stat values. The T-Test is using the 95%
confidence level with 0.05 alpha values. The purpose of performing T-Test is to find out
the significance and insignificance of two values. Table 4-11 show the values of stability
and flow for RMA and conventional mixture, whereas Table 4-12 and 4-13 shows the T-
Stat values obtained for stability and flow, when comparing the RMA mixture with
conventional mixture.
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For stability, the comparison between conventional and 1 percent rubber content
of RMA mixtures give the T-Stat value of 1.146, which is in between of the T-Critical
Two-Tail value that is 2.306. The T-Critical Two Tail value is the same for all
comparison between conventional mixture and RMA mixture. Thus, the T-Stat value
shows no significance different if the value is plotted in normal distribution graph,
taking the T-Critical Two Tail value to be the negative and positive range. But for
comparison between conventional and 2 percent of rubber content RMA mixture, there is
significance different as the T-Stat value is 2.838 which are higher than the T Critical
Two Tail value. It is the same for comparison between conventional and 3 percent of
rubber content of RMA mixtures. The value of T-Stat is 6.298, which shows significant
difference. As the conclusion, the effect of scrapped rubber on pavement stability is not
significant until the percent ofrubber reach 3 percent.
For flow, the value of T-Stat for comparison of conventional and 1 percent rubber
content of RMA mixtures is -0.953, which show significance difference in values, but for
comparison between conventional and 2 percent of rubber content of RMA mixtures,
show no significant difference as the T-Stat value is -2.284. The comparison between
conventional and 3 percent rubber content of RMA mixture show the same result as the
first comparison which is significant. The T-Stat value obtained is -2.708. For flow
properties, it is clearly shown that added rubber has generally improved the flow
properties ofpavements.
The results of the T-Test indicate that there are different between the two values














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GRAPH OF FLOW VERSUS BINDER CONTENT
5.5
Binder Content (%)
Figure 4- 5: Graph of Flow versus Binder Content (1% RMA)
GRAPH OF STABILITY VERSUS BINDER CONTENT
5.5
Binder Content (%}























GRAPH OF POROSITY VERSUS BINDER CONTENT
5.5
Binder Content (%)






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GRAPH OF FLOW VS BINDER CONTENT
5.5
Binder Content (%)
Figure 4- 9: Graph of Flow versus Binder Content (2% RMA)
GRAPH OF STABILITY VS BINDER CONTENT
5.5
Binder Content (%)
Figure 4- 10: Graph of Stability versus Binder Content (2% RMA)
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GRAPH OF SPECIFIC GRAVITY VS BINDER CONTENT
5.5
Binder Content (%)







GRAPH OF POROSITY VS BINDER CONTENT
5.5
Binder Content (%)
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GRAPH OF FLOW VS BINDER CONTENT
5.5
Binder Content (%)
Figure 4-13: Graph of Flow versus Binder Content (3% RMA)
GRAPH OF STABILITY VS BINDER CONTENT
5,5
Binder Content (%)
Figure 4- 14: Graph of Stability versus Binder Content (3% RMA)
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GRAPH OF SPECIFIC GRAVITY VS BINDER CONTENT
5.5
Binder Content (%)
Figure 4-15: Graph of Specific Gravity versus Binder Content (3% RMA)
GRAPH OF POROSITY VS BINDER CONTENT
5.5
Binder Content (%)








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































GRAPH OF FLOW VS BINDER CONTENT
5.5
Binder Content (%)
Figure 4- 17: Graph of Flow versus Binder Content























GRPAH OF SPECIFIC GRAVITY VS BINDER CONTENT
5.5
Binder Content (%)
Figure 4-19: Graph of Specific Gravity versus Binder Content
4.5
GRAPH OF POROSITY VS BINDER CONTENT
5.5
Binder Content {%)












4.5 2.67 11.96 13.17 2.20 3.29 9.83 14.34 2.17
5 3.01 11.89 12.32 2.21 4.06 11.71 13.05 2.19
5.5 3.21 11.03 11.57 2.21 3.49 10.64 11.79 2.21
6 3.75 10.13 10.95 2.21 4.23 9.34 11.02 2.21










4.5 2.67 11.96 13.17 2.20 4.23 9.06 16.45 2.11
5 3.01 11.89 12.32 2.21 4.28 9.91 14.14 2.16
5.5 3.21 11.03 11.57 2.21 4.15 9.43 12.66 2.18
6 3.75 10.13 10.95 2.21 4.75 8.01 12.80 2.16









4.5 2.67 11.96 13.17 2.20 4.89 7.88 17.28 2.09
5 3.01 11.89 12.32 2.21 4.09 5.28 16.89 2.09
5.5 3.21 11.03 11.57 2.21 4.66 5.80 15.30 2.12
6 3.75 10.13 10.95 2.21 4.65 6.13 14.65 2.12
6.5 4.90 9.23 10.52 2.20 4.88 7.08 12.15 2.16


















Figure 4- 21: Graph of Flow versus Binder Content (All)
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GRAPH OF SPECIFIC GRAVITY VERSUS BINDER CONTENT
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Figure 4- 23: Graph of Specific Gravity versus Binder Content (All)
















FLOW STABILITY FLOW STABILITY
4.5 2.67 11.96 3.29 9.83
5 3.01 11.89 4.06 11.71
5.5 3.21 11.03 3.49 10.64
6 3.75 10.13 4.23 9.34
6.5 4.90 9.23 4.68 8.17
BINDER
CONTENT
CON VENTIONAL 2% RMA
FLOW STABILITY FLOW STABILITY
4.5 2.67 11.96 4.23 9.06
5 3.01 11.89 4.28 9.91
5.5 3.21 11.03 4.15 9.43
6 3.75 10.13 4.75 8.01




FLOW STABILITY FLOW STABILITY
4.5 2.67 11.96 4.89 7.88
5 3.01 11.89 4.09 5.28
5.5 3.21 11.03 4.66 5.80
6 3.75 10.13 4.65 6.13
6.5 4.90 9.23 4.88 7.08












t Critical one-tail 1.860
P(T<=t) two-tail 0.285










t Critical one-tail 1.860
P{T<=t) two-tail 0.022










t Critical one-tail 1.860
P(T<=t) two-tail 0.00023
t Critical two-tail 2.306











t Critical one-tail 1.860
P(T<=t) two-tail 0.369










t Critical one-tail 1.860
P(T<=t) two-tail 0.052











t Critical one-tail 1.860
P(T<=t) two-tail 0.027
t Critical two-tail 2.306
Table 4- 13: Results of T-Test Two Sample Assuming Equal Variance for Flow
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4.4 Wheel Tracking Test
The Wheel Tracking Test for conventional mixture and Rubber Modified Asphalt
(RMA) mixture are successfully completed. Two samples have been prepared, which are;
one sample for conventional mixture and one sample for RMA mixture. The percentage
of rubber particles used for RMA mixture is 3 percent. The highestpercentage of rubber
particles is used as to find out the maximum performance that the RMA mixture can give.
Assume that the more rubber particles used the better result it will give.
The purpose of performing the Wheel Tracking Test is to find the maximum
cycles the specimen can withstand before the sample is fail. From the experiment that
have been done for the conventional mixture, the maximum rut depth for 45 minutes of
cyclic loading to fail, is 12.6 mm. Figure 4-25 shows the graph of rut depth versus time
for both conventional mixture and RMA mixture. Both graphs show the rutting depth is
increase as the time increasing. The test is running for 45 minutes which is set as the
constraint in the experiment.
The rut depth created by RMA mixture is less compared to one created by
conventional mixture, which is 9.8 mm. The rut depth is lessened about 22.2%. So, it can
be conclude here that the RMA mixture is more resistant to rutting. There is an
improvement in resistant to permanent deformation and thus it is expected the pavement
life is extended. The decreasing of the rut depth for RMA mixture is expected due to the
elasticity properties of the rubber. Elasticity means that rubber are springly and
compressible under load; usually they return to shape or "rebound" when the load is
removed, although some residual deformation may occur after repeated load repetitions.
Thus, it enhances the resistance to permanent deformation.
The result obtained from the Wheel Tracking Test has achieved the objective in
improving the permanent deformation of pavement. Thus, in can be concludes that














0 46.9 45.8 0.0 0.0
1 46.9 45.8 0.4 0.0
2 46.7 45.9 0.8 0.5
3 46.7 45.9 1.3 0.8
4 46.6 45.9 1.7 1.1
5 46.4 45.9 2.1 1.5
6 46.4 45.9 2.3 1.9
7 46.1 45.9 2.5 2.1
8 46.1 45.9 3.0 2.4
9 46.0 46.0 3.3 2.9
10 45.8 46.0 3.7 3
11 45.7 45.9 4.1 3.2
12 45.8 45.9 4.4 3.5
13 45.5 46.0 4.8 3.6
14 45.6 46.1 5.1 4.1
15 45.6 46.1 5.4 4.6
16 45.2 46.1 5.6 5.0
17 45.0 46.0 5.8 5.2
18 44.9 46.0 6.1 5.6
19 44.7 46.0 6.4 5.9
20 44.6 45.9 6.5 6.2
21 44.5 45.9 6.6 6.4
22 44.4 45.8 6.7 6.5
23 44.3 45.9 6.9 6.7
24 44.7 46.0 7.1 6.9
25 45.5 46.0 7.3 6.9
26 46.2 45.9 7.4 7.1
27 46.5 45.9 7.7 7.2
28 46.4 46.0 8.0 7.4
29 46.3 46.0 8.3 7.6
30 46.2 46.0 8.4 7.7
31 46.0 46.0 8.8 7.9
32 45.8 45.9 9.0 8.0
33 45.7 46.0 9.3 8.1
34 45.4 46.0 9.6 8.3
35 45.1 46.0 9.8 8.5
36 45.0 46.0 10.3 8.6
37 44.9 45.9 10.5 8.7
38 44.7 45.9 10.6 9.0
39 44.6 45.9 11.0 9.1
40 44.4 45.9 11.4 9.3
41 44.3 45.9 11.9 9.4
42 44.2 45.7 12.0 9.6
43 44.9 45.9 12.2 9.6
44 45.2 45.9 12.4 9.8
45 45.5 45.9 12.6 9.8















































































































































4.5 Beam Fatigue Test
The Beam Fatigue Test is conducted for all specimens with 1 to 3 percent rubber
particles. The binder content used is based on the optimum binder content determine
earlier for both conventional and RMA mixture. Figures below shows the results obtained
from the experiments for conventional mixture and RMA mixture of 1 to 3 percent of
rubber particles. The red color sinusoidal graph shows the stiffness of the specimen while
the green color refers to the maximum tensile strain. The loading conditions for all the
specimens are peak to peak micro-strain of 100 with conditioning cycles of 10.
For conventional mixture, the initial flexural stiffness is 1678 MPa. The graph
shows the stiffness of the specimen decrease exponentially with cycle until the specimen
is failed. The result also listed the termination stiffness of 839 MPa. Termination
stiffness is the value of stiffness the specimen canwithstand before failing. The specimen
failed at 13490 cycles which resulting in maximum tensile stress of 106 kPa.
For the 1 percent RMA mixture, the graph shows a decrease in stiffness at the
earlier stage of loading before it start to increase constantly. The initial flexural stiffness
of 1 percent RMA mixture is 2325 MPa while the termination stiffness of the sample to
fail is 1163 MPa. The maximum tensile stress the specimen can withstand is 214 kPa
with cyclic loadingof 36510 cycles before failing. The specimen is fail when the stiffness
of the specimen has reached half of its initial stiffness. The 2 percent and 3 percent RMA
mixture also shows the decreasing of stiffiiess before increase again constantly. The
initial flexural stiffiiess for both mixtures is 1973 MPa and 1771 MPa, with cyclic
loading of 112000 and 5530 cycles. Termination stiffiiess listed for the mixtures is 987
MPa and 885 MPa. Both the RMA mixtures can stand the maximum tensile stress of
160kPaandl51kPa.
70
All results of Beam FatigueTest for RMA mixtures shows greatervalue for initial
flexural stiffness, termination stiffness, and maximum tensile stress as compared to the
conventional mixture result. It shows that the RMA mixture is stiffer than the
conventional mixture. Most of the graphs show that the stiffness is constant at the middle
stage of the experiment before failing, whereas the conventional mixture is continuously
decreased. The constant increment of the stiffiiess in the middle stage of the experiment
is due to the elastic behavior of the RMA mixture, where the rubber inside the mixture
improve the elasticity of the mixture, compare to conventional mixture. The elasticity of
the RMA mixture can increase the fatigue life of the pavement.
Fromthe results, the 1percent RMA mixture gave 38% of stiffness improvement,
but 3 percent RMA mixture is about 6%. Even the 3 percent RMA mixture has a lower
value of initial flexural stiffness and maximum tensile stress; there are still some
improvements as compared with conventional mixture. An increased in mixture stiffiiess
will in turn reduce the fatigue life at a particular strain level. It is suggested that the
service life is highly dependant on the mix stiffness, the stiffer the mix the longer the life
[11]. Bituminous mixture with high stiffness is desirable as at high ambient road
temperature, as it can reduce rutting of the pavement. RMA mixture fulfills this
requirement as it has been approved in the laboratory experiments.
The maximum number cyclic loading of the RMA specimens is expected to be
larger than the conventional mixture. However, there is still an exceptional case where
the maximum cyclic loading of 3 percent RMA specimen is only 5530 cycles as
compared to 13490 cycles for conventional mixture. It could be due to the improper
compaction of the specimens during specimen preparation or the high binder content
adopted for RMA mixture. High temperature can cause pavement bleeding due to high
binder content.
Thus, the results proved that the fatigue life and the stiffness of pavement are














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Generally, construction of pavement using scrap tire is not common in Malaysia.
Therefore, it is hopefully that through this research, the application of scrap tire in
pavement could be promoted as a better performance pavement than the conventional
asphalt pavement.
The research has completed all the required laboratory experiments, which are
Marshall Stability Test, Wheel Tracking Test, and Beam Fatigue Test as to determine the
performance of the Rubber Modified Asphalt (RMA) mixture.
Thus, the research has achieved its objectives of producing RMA mixtures by
replacing certain proportion of fine aggregate with rubber particles and identifying
possible properties improvements by RMA mixture. The specimens are successfully
produced using the Marshall Mix Design method and there are improvements of stiffness
and fatigue life, as well as resistant to permanent deformation by introducing rubber
particles in the asphalt mixture. RMA mixture has high viscosity which is desirable for
stability and resistance to fatigue failure.
The results of the laboratory experiments conducted earlier proved that RMA
mixture can extend the life of the asphaltpavement compare to the conventional mixture.
The elasticityproperties of the RMA mixture can increase the time of asphalt pavement
to experience fatigue cracking and rutting in the early years of design life. Thus, the
resistant to cracking and permanent deformation is increase. Rubber additives is proved
to enhance the elastic responses of bitumen at high ambient temperature and result in a
material that has a marked increase in resistance to permanent deformation
simultaneously with reducebrittleness at low temperature.
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Perhaps the research canhelp introducing andpromoting the used of scrap tires in
asphalt mixture for better performance pavement. Even tough the initial cost would be
higher compare to construction of conventional asphalt pavement, but the reducing of
maintenance cost is preferable as the RMA pavement extending the pavement's life and
improves the resistance to cracking and deformation. Furthermore, the RMA pavement
can give smoother riding environment to the drivers as RMA pavement is quieter, which
has been proved by previous researchers.
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5.2 Recommendation
This research presents the laboratory findings of utilizing the scrap tires in asphalt
pavement in terms of deformation and fatigue resistance. Thus, following
recommendations are suggested for better assessment of the influences.
1) Perhaps the usage of the scrap tires in asphalt pavement can be widely used as
Malaysia experiencing a lot of pavement problems, such as cracking and
deformation. Mostly in the early years of the design life due to the high traffic
loading which increase every year. In another way, it can reduce the disposal
problem of the scrap tires in Malaysia.
2) A factory can be constructed to grind the rubber into pieces to be use in asphalt
pavement. Variety size of rubber particles is accepted if it is still within the range
of 2.0 mm to 4.2 mm. It is to ensure that the rubber particles size is similar to the
size of fine aggregate. It is suggested to use the motorcycle's tires and motorcar's
tires as the tires are thicker than bicycle's tires.
3) A trial field is recommended to confirm the laboratory findings and perhaps can
determine the level of noise reduction by using the scrap tires in asphalt pavement
that could not be done in this research.
Although the rubberized pavement require high initial cost, but it will result in
less maintenance cost through out the design life. Also it will give a better performance
pavement and riding environment.
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393 - 405 4.92 1.56
406 - 420 5.08 1.47
421-431 5.24 1.39
432-443 5.40 1.32
444 - 456 5.56 1.25




509 - 522 6.35 1.00
523-535 6.51 0.96







Appendix 1: Coefficient Factor (C.F) for Adjusting Stability Values
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Appendix 2: Above: The Gyratory Machine, Below: Specimen Compacted inside the
Machine, for Marshall Mix Design.
Appendix 3: Above: Marshall Testing Rig Equipments, Below: Specimen Tested Usinj
the Equipments, for Marshall Stability Test.
82
Appendix 4: Above: The WessexWheel Tracking Machine, Below: The Specimens
Tested in the Machine, for Wheel Tracking Test.
83
Appendix 5: Above: Universal Asphalt Tester (MATTA) Machine, Below: The Beam
Tatigue Apparatus with Specimen tobePlace inside the Machine, for Beam Fatigue Test.
84
N
o
.
D
e
ta
il
/W
ee
k
1
2
3
4
5
6
7
8
9
1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
1
Se
ar
ch
in
g
T
op
ic
s
I.
X
-
2
A
pp
oi
nt
in
g
Su
pe
rv
is
or
J
?
3
Su
bm
is
si
on
o
f
FY
P
T
op
ic
P*
lll
"
4
D
ef
in
e
th
e
P
ro
je
ct
It
fl
tS
ii
5
R
es
ea
rc
h
o
n
th
e
Pr
oj
ec
t
6
Pr
ep
ar
at
io
n
a
n
d
Su
bm
is
si
on
o
f
Pr
el
im
in
ar
y
R
ep
or
t
-
-
,
7
Pr
ep
ar
in
g
L
ite
ra
tu
re
R
ev
ie
w
v
-
8
Pr
ep
ar
at
io
n
o
fS
pe
ci
m
en
s
9
L
ab
or
at
or
y
E
xp
er
im
en
ts
.
I
I
I
1
0
P
re
pa
ra
ti
on
a
n
d
Su
bm
is
si
on
o
fP
ro
gr
es
s
R
ep
or
t
11
P
re
pa
ra
ti
on
a
n
d
Su
bm
is
si
on
o
f
In
te
ri
m
R
ep
or
t
S
sl
p
li
ll
ll
^
1
2
P
re
pa
ra
ti
on
o
f
FY
P
P
re
se
nt
at
io
n
1
3
F
Y
P
P
re
se
n
ta
ti
o
n
<
rf
c
A
pp
en
di
x
6:
Sc
he
du
le
fo
rF
irs
tS
em
es
te
ro
fT
w
o
Se
m
es
te
ro
fF
in
al
Y
ea
rP
ro
jec
t
85
N
o
.
D
e
ta
il
/W
ee
k
1
2
3
4
5
6
7
8
9
1
0
11
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
2
0
-
•
!
1
Pr
ep
ar
in
g
R
ub
be
r
Sp
ec
im
en
s
2
L
ab
or
at
or
y
E
xp
er
im
en
ts
3
Pr
ep
ar
in
g
o
f
Pr
og
re
ss
R
ep
or
t1
4
Su
bm
is
si
on
o
fP
ro
gr
es
s
R
ep
or
t1
li
lt
5
L
ab
or
at
or
y
R
es
ul
ts
A
na
ly
si
s
6
Pr
ep
ar
in
g
o
f
P
ro
gr
es
s
R
ep
or
t2
7
Su
bm
is
si
on
o
f
Pr
og
re
ss
R
ep
or
t2
m
i
8
Pr
ep
ar
in
g
Fi
rs
tD
ra
ft
D
is
se
rta
tio
n
Fi
na
lR
ep
or
t
f?
:
~
-
'
9
Su
bm
is
si
on
o
fF
irs
t
D
ra
ft
D
is
se
rta
tio
n
Fi
na
l
R
ep
or
t
ll
li
1
0
P
re
pa
ra
ti
on
o
f
FY
P
P
re
se
nt
at
io
n
•
t-
-
a
:
-
,
11
F
Y
P
P
re
se
n
ta
ti
o
n
•J,
"
'!*
%
1
2
Su
bm
is
si
on
o
fP
ro
jec
tD
is
se
rt
at
io
n
_
~
t
Ap
pe
nd
ix
7:
Sc
he
du
le
fo
rS
ec
on
d
Se
m
es
te
ro
fT
w
o
Se
m
es
te
ro
fF
in
al
Y
ea
rP
ro
jec
t
8
6
